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Abstract: Abraham-Minkowski dilemma concerning the momentum of light within dielectric
materials has persisted over 100 years[1]-[2] and conflicting experiments were reported until recently
[3]-[4]. We perform a reversed Fizeau experiment to test the composition law of light speeds in media
and the result accords with the extended Lorentz transformation where the light speed
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. This is a crucial evidence that Minkowski's formulation
c
E
np = should be
correct although the momentum is not measured directly.
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On t he Mass-Energy Rel at i on f or Phot ons i n Medi a
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t hi s r esul t r educe t o Ei nst ei n’ s mass-ener gy equation.
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1I..... Introduction
What is the momentum of light in dielectric media? According to de Broglie formula of quantum
mechanics,
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. In special relativity, however, 2
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boundaryless medium). Which one goes wrong?
II..... Resolution
In 2005, scientists of the University of Manchester found the light speed
c
of the Dirac equation to describe
electrons in graphene is replaced by the Fermi velocity
F
V
whose value is about c/300 [5]. If true, we can use
outcomes of the quantum field theory to study condensed matter physics. For instance, the following band-to-
band tunneling probability is deduced from W.K.B approximation [6]
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Actually, the exact solution was given by the quantum field theory long ago [7]
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An energy gap
g
E
can be treated as twice of the equivalent rest mass of quasiparticles as 2
02 cmEg = by
comparison to Dirac's theory of the antiparticle sea. In addition, the characteristic constant should now be
Fermi velocity
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instead of light speed c . Substituing
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which is just (1) on the condition that 1=l [8].
Likewise, we introduce nc / to take the place of c in the Lorentz transformation to investigate
electrodynamic and optical phenomena within media [9]~[14]
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2Such idea was also proposed by [15] and [16]. Consequently, the energy and momentum should be
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is consistent with the result of quantum mechanics. Abraham-
Minkowski controversy is now resolved. (5) and (6) can be utilized to derive the Cherenkov effect in
media.[15]
III..... Experiment
To test the transformation (4), we modify the design of [13] to re-do Fizeau's experiment underwater for easy
of realization. In the original Fizeau convection experiment[17], the fluid inside pipes is water and air outside
is still. On the contrary, in our experiment the medium inside is flowing air and external optical path is in rest
water. The wavelength of He-Ne laser is nm632=λ ( Hzf  1074.4 14×= ). Length of a pipe is mL 4=
and the speed of air is
smV
air
/9≈ .The air pump is placed outdoors to reduce noise and shock. Most of the
optical path outside pipes is in two tubes full of water. The picture is as follows (Figure.1),
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Figure. 1 Modified Fizeau experiment
3M and M2: reflecting-transmitting mirror; M1 and M3: total reflecting mirror;
W1 and W2: water tube;
Here, we have to change the reflecting mirror 2M in the scheme of [17] to be a half-reflecting and half-
transmitting mirror and observe interference fringes behind 2M (Figure.2) in view of the light is too weak to
return to the starting point M .
Figure. 2 Screen
In fact, this is a Mach-Zehnder interferometer and the total optical path is only half of that in Fizeau's
experiment. The time difference between 23 MMM →→ and 21 MMM →→ led by the velocity of
air flow is
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Therefore, the absolute value of the shift of a fringe
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is also half of that in Fizeau's experiment. Fringes corresponding to still and flowing air are in Figs.3 and 4,
respectively.
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4Figure.3 Air is still
Figure. 4 Air is flowing
5The average N∆ is about 4/1 and not caused by instabilities. Nevertheless, the addition law of velocities
from the Lorentz transformation is
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and the shift
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negligible according to (7). It cannot explain the visible shift 25.0≈∆N .
IV..... Interpretation
Let us apply the following addition law of the new transformation (4) to calculate where c is replaced by the
light speed u in water
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that the negative sign means shifts are in the opposite direction of the Fizeau experiment because the setup is
symmetric. In practice, Fizeau's experiment is equivalent to 33.1=n , 10003.1' ≈=n and
air
V
gives place
to
water
V
.
Furthermore,we suggest measuring the gravitational frequency shift
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microwaves in ultra-high dielectric constant materials on the surface of the earth to test (5) owing to
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conditions of GHzf 40= , 000,50=
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ε and mH 500= .The refractive index of a γ -photon is 1≈n in
the famous Pound-Rebka experiment[18] that is insufficiently to differ 2mcE = and 2muE = .
Conclusions
This is to test the extended Lorentz transformation for electromagnetic phenomena in media.It does not
contradict all known experiments to confirm the theory of relativity because they were performed in either
vacuum ( 1=n ) or air,etc ( 1≈n ). Actually, the greatest contribution of special relativity is neither the
Lorentz transformation nor energy-mass equivalence.The soul is that spacetime is not transcendental and
depends upon substance. Hence, it is natural to think to exist different spacetime structures whose
characteristic constant can be
c=
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F
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,
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, speeds of neutrinos [8], etc. To any constant
C
,
we have two symmetric groups to contain the velocity of motion V from zero to infinity[19]
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00
1
µε
=C
km/s000,300= and CV < . It cannot exclude the possibility that cC > of undiscovered interactions and
cV > even though cC ≤ such as the energy flow in the Goos-Hanchen shift [20] and good conductors [21].
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Nomenclature
f = frequency
λ
= wavelength
h
= Planck constant
c
= light speed in vacuum
0ε
= dielectric coefficient of vacuum
0µ = magnetic conductivity of vacuum
u
= light speed in media
ε
= dielectric coefficient of media
µ = magnetic conductivity of media
9u
c
n = = refractive index
0ε
ε
ε =
r
= relative dielectric constant
F
V
= Fermi velocity
g
E
= energy gap
F = electric intensity
l
= integer number
E = total energy of a single particle
0m
= rest mass of a single particle
V
= velocity of a single particle
p = total momentum of a single particle
C = constant velocities
2/8.9 smg = = acceleration of gravity on the earth of the earth
H = height
1Postscript: Energy Transport faster than light in Good Conductors
People do not wake up to the fact that the velocity to transfer the electric energy and signal along metal wires is
larger than c . The theory is based on recent progress of physics that the sample of macroscopic and superluminal
energy transport of an electromagnetic field was proposed [1]. Meanwhile, a latest optical experiment confirms the
characteristic constant should be
εµ
1
within media[2].
1. Introduction
A recent paper is to prove [1]
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and has nothing to do with other concepts of velocities in the wave theory such as the phase velocity, group velocity
and front velocity. Only waves in vacuum are discussed to prevent any argument.
On the other hand, a newest optical experiment [2] implies the parameter
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=c of the theory of relativity
should be replaced by
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=u to characterize electromagnetic phenomena within media. Therefore, we apply
following equations to restudy Chap.1 of [1].
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To compare with the dispersion relation of electromagnetic waves in a closed waveguide filled with the dielectric
medium
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This is in agreement with above ratio between Eq.(3) to Eq.(4)
2. Surface electromagnetic waves in dielectric media
Tachyonic equations in a medium
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speaking, the optically thinner medium is air whose value is 12 ≈n to meet the condition
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3. Electromagnetic field in good conductors
In conductors [4], the wave vector is αik + ( 1−=i ) and
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and the phase velocity should be
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Actually, Eq.(9) is equivalent to Eq.(8) and the above wave theory can be transformed into point mechanics,
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Substituting Eq.(12) into Eq.(14), the velocity of motion in mechanics
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should also be the velocity of energy of the electromagnetic field transferred along the conductor.(Don't take it for
the drift velocity of charge carriers which is much more slower). In light of Eq.(13) and Eq.(14') ,
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Especially, the velocity approaches infinity with decrease of the frequency and ∞→σ . It accords with outcomes
of electrodynamics [6]
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to describe TE waves inside a conductor. The velocity of motion Eq.(14') equals the energy velocity
w
S
of the field
indeed. To transfer the electric energy or information along metallic cables is one kind of mature application
technology of power industry and wire communication.It is easy to detect the time difference between the field to
traverse the same distance in free space.
Conclusions
In general,
00
11
µεεµ
< and hence other conditions such as boundaries should be introduced to achieve
superluminal energy transport for dielectric media.
Comparatively, superluminality in a good conductor is caused by the interaction between the electromagnetic field
and regardless of boundary conditions.
The Sommerfeld wire [7] is a good experimental subject because not only surface waves outside [1] but also the
field inside the conductor can exceed
c
.
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